Recently, Makri and Miller presented. a simple exponential power series in the time for the position matrix elements of the time evolution operator (hereafter called "propagator"), first within a semiclassical approximation,' and then a fully quantum mechanical version.' The resulting recursion relations for the coefficients of the time were readily obtained. The coefficients are solutions of simple first order inhomogeneous differential equations. The method was developed for Hamiltonians which did not contain vector potentials (or velocity dependent potentials in general). The second paper2 included a section claiming to generalize the procedure to include vector potentials, but this is unfortunately in error. The purpose of this comment is to point this out and discuss how the correct coefficients are related to the exact results for a system which is in the presence of a constant magnetic field.
If=;
(p-EA(r))'+ V(r).
(1)
The propagator is defined as (rt~rOO)=(r~e-iH""~ro).
Makri and Miller expanded power series in time,
(rt 1 rfl) in an exponential (rtlroO) 
e (r -ro)*V WI=; (r -ro)*A(r), 
Their error was in assuming that Eq. (7) is equivalent to5
Equation (8) says that A is a gradient of a scalar, which corresponds to a gauge transformation. Thus, the subsequent equations for W2, W3, etc., are in error. Their result (after correcting an arithmetic error) is
'0 an expression which is approximately true when B = VxA, but exactly true when A(r) = VL
The above analysis can be illustrated by the simple example of a system in a constant magnetic field, for which (in the symmetric gauge), A(r) = fBxr. [ iix(r -ro)12.
Here it is easy to obtain the explicit forms for WI and V WI:
and VW,=&r$B.
(14 ') Hence, we do have that Eq. (6) is satisfied, because of the cross produce rule, even though A is certainly not VW,.
Finally, we point out that Eq. (5) is still valid for short times and correct expressions for W2, etc., may readily be determined. For example, the correct equation for W2 is (r-ro)*VW2+ W2= -V(r) +$V2W, 2 * (15)
Notice that this equation depends on the difference (VW, -(e/c)A), which is gauge invariant. Also, because we have chosen (and used) V-A = 0, then V2 W, = 0 for that portion of V WI which is due to a gauge potential. The equations for the higher W's will also be gauge invariant.
In conclusion, a corrected short time propagator in the spirit of Makri and Miller may certainly be obtained. For homogeneous magnetic fields the method may be unnecessary.7 For inhomogeneous magnetic fields the chief use of the entire idea may well be to determine "ground state" path integrals, and arrive at density-current functional theories.7-9 As may readily be shown, WI alone gives no contribution to ground state properties when the short time expansion is used without further shredding of the propagator.* In many particle Green's functions, W, alone has a nonvanishing effect in two particle Green's functions.3'4 This work was supported by grants to R. A. H. from the National Science Foundation and American Chemical Society Petroleum Research Foundation.
